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Chelsea, between l{a1'lborough Road and Keppel tions are being made for a cement that will not leave 
Street on the nortb side, a len�th was laid in 1885 on a a residue of 10 per cent. on a 76 mesh. The weight 
3 inch concrete foundation, which was covered with runs from 116 to 120 lb. per striked bushel. Before use, 
mastic asphalt 7,4; inch in thickness. On this % inch the cement is laid out to cool fourteen days, and is 
of compressed asphalt is laid. The mastic asphalt turned over frequently in that time. Great care is 
was laid to absorb by its elasticity the movement of taken to keep the direct rays of the sun off the cement. 
the concrete without transmitting it to the compressed The company exposed part of a sample of cement to 
asphalt. It has survived two winters of great severity, the sun, and exposed the other part to the air. It was 
and has lived twenty-one months without>,any cracks ap- found that the part exposed to the sun showed a loss 
pearing. From this it would appear that the principle of strength equal to 50 per cent. The soluble silica 
of a material between the concrete and the compressed used for the induration of the stone is a clear viscous 
asphalt which will absorb the effects of the move- substance made from pure flint and caustic soda, 
Illent� of the concrete is a correct one, and the writer which are digested by heat under pressure in Papin's 
invites the members of the association to experiment digester or an analogous lllachine. Its strength is 
on cheapening the method. The present result is an technically known as 140° Twaddell, which shows 1,700 
increase of life of 33 per cent., at an increase of cost of on a hydrometer. The silica is diluted with water 
12 per cent. until it shows 1,250 or 1,300 on the hydrometer, and is 

As evidence of the durability of compre8sed asphalt then a clear copper-colored liquid. 
!n footways, those in Cheapside mal be named. They The stone is made of three parts by measure of 
were laid in 1 876, at a thickness of inch, and are now washed granite and one part of cement. 'I'hey are 
wearing through. On the south side of the Strand, thoroughly incorporated in a dry state in a horizontal 
east of Wellington Street, I inch of compressed as�halt cylinder by machmery. and when this is secured, water 
was laid in 1881, and has had only the most trIfling is sparingly added, and the mixing continued. At each 
repairs. The streets in the City, with the heaviest foot mixing there is made sufficient concrete for a 3 foot by 
traffics in the world, are paved with compressed 2 foot by 2 inch slab only. When it is ready for putting 
asphalt on the footways. The advantages of asphalt 'in the mould, t he concrete does not appear to the eye 
foot pavements are durability, a smooth surface un- to be sufficiently wet. The moulds are metal lined, true 
broken with joint"" a good foothold, even and regular in shape, with clearly defined arrises. Before the con
wear, their impervious character, and the readiness crete is placed into them they are oiled all over, and 
and neatness with which they are repaired. They then placed on a trembler. This is a machine which 
have a somber appearance, and. show water on their gives a rapid vertical jolting motion to the mould. 
surface longer than stone pavements. They wear to When the machine is started, the concrete is placed 
the last thickness without breaking up, and give a into the mould by small shovelfuls at a time, and two 
useful wear for the whole of their thickness. 'Vhen a men with trowels spread it over the mould. When 
stone or othel pavement has worn 1 inch, it may not be the mould is filled they pat the concrete with the 
half worn through, but its useful life is over. Where trowels, the water rises to the surface, and an even, 
there are cellars under foot ways, asphalt as a material smooth face is secured. The mould and concrete are 
for foot ways is unrivaled. In ordinary traffics, such then removed to a rest for two days. The whole opera
as those named in King's Road (7,000 to 8,000 persons tion of mixing the concrete and making the slab in the 
per day), an asphalt pavement can be lain 1 inch mould is completed in six minutes. Machine-made 
thick, with the certainty that for at least ten years it stones are of necessity homogeneous, as veneering is 
will need no repairs whatever. This pavement has impossible during the process. The slabs, when taken 
also the advantage that the foundation is always,pre- from the moulds at the end of the two days, are air
served and good for use again when the wearing sur- dried for seven or nine days, and then immersed in a 
face of asphalt has to be renewed. The following silica bath for seven or nine days more. They are then 
abstract of the present contract schedule in Chelsea stacked in the open for some months before use. The 
will give the prices for these pavements: value of the silica bath is in hastening the hardening of 

Per sq. yd. the stone. At the end of a month the stone will stand 
Compressed or mastic asphalt 1 inch in 

s. d. from 30 to 40 per cent. more tensile strain if silicated than 
thickness on 3 inches of concrete ... . 6 3 if air-dried only. It is dOUbted by Mr. Faija whether 

D silicating increases the ultimate strength of concretes. itto, ditto, % i1lch thick ..... ........... 5 6 The stone so prepared stands a tensile strain of 650 lb. Compressed asphaft % inllh thick on J( on the square inch when three months old. Strains of inch of mastic asphalt laid on 3 1,000 lb. have been obtained, but they are not the inches of concrete .......... . . ....... 7 0 average. The value and excellenc� of this concrete is Compressed or mastic asphalt 1 inch shown by the fact that, though the neat cement has 75 thick on existing concrete founda- per cent. of aggregate added to it, yet in three months tion (relay) ............... . ........ 3 6 the mixture bears nearly double the tensile strain of Ditto, ditto, % inch thick . .. ' "  . • .  . •  . . . . • 3 0 the neat cement after seven days. The writer was 
These prices carry a guarantee of free maintenance 

for ten years. The vestl'y prepares the foundation for 
the concrete in new work at a cost of 2d. pel' square 
yard. The specification provides that the asphalt 
will be cut open at distances not exceeding 50 feet 
apart and the thickness measured. Five out of every 
six of these measurements must be at least the speci
fied thickness, and the average of every six must be at 
least the specified thickness. The specification is 
fltrictly adhered to. The cost of the foot pavement in 
New Bond Street, already referred to, over twenty-six 
years, would be as follows, at per square yard: 

s. d. 
Preparing foundation . . . . .. . ... ....... ... 0 2 
Laying concrete foundation and %: inch 

mastic asphalt .......... .. . . . ... 5 6 
At end of thirteen years, relaying mastic 

asphalt (life thirteen years) . . . . . . . •  3 0 
Repairs ........ .......................... . 

Total . . . . . . . . . . • . . . . . . . . . . . . . . . • . •  8 8 

or It cost per year, not including interest, of 4d. per 
square yard. It should be mentioned that the small 
cost for renewing asphalt foot ways is due to the fact 
that the asphalt is taken up as good as new asphalt 
after it has been cleared and prepared, and is reused 
for footways. 

In deali IIg with the question of concrete as a material 
for foot pavements, the writer cannot claim such an 
experience of it as he has had with asphalt. In 1880, 
however, the vestry of Chelsea had laid by the respective 
makers a series of pavements in King's Road, against the 
Royal Military Asylum wall, and in 18:;5 a report was 
made on them by the writer. So many applications 
for copies have been made that it is now out of print. 
and as applications continue to be made, the results of 
the experiments are herein set forth for the information 
of the association. The writer holds that a knowledge of 
the manufacture of these pavements is useful informa
tion, and therefore he incorporates a description of the 
manufacture of Imperial stone pavements. The depot 
of the company is at East Greenwich, on the banks of 
the Thallles. The aggregate used by the company is 
broken granite. Flint has been used, but· the pave
ment in wear became very slippery. Kentish rag has 
also been used, but its wear was too rapid. The granite 
is broken so that it passes a 3-16 sieve. After screen
ing it is carefully washed, as the dust acts as a coat 
round t.he piece, and prevents the cement laying hold 
of the granite. The washing machine is a slanting 
Arcilillledean screw, working in a trough, with openings 
in the thread of the worm. The water is run in at the 
nigh end, and thE' screened granite pieces put in atithe 
lower. '1'he screw churns the pieces over and over each 
other, and carries thelll up by its motion. The clean 
water llIeets the cleanest granite, and thus the pieces 
are not soiled by the dirty water they make. About 8 
per cent. by weight is washed out as waste. The im
portance of a clean aggregate is seen when it is stated 
that briquettes made from washed pieces have a ten
sile strain of 15 to 20 per cent. higher than those made 
frolll unwashed pieces, when tested under similar con
ditions. The cement used is the best Portland, and is 
required to stand a tensile strain of 350 1 b. per sq uare 
inch after seven days' immersion in water. As a 
matter of fact, the cement used runs to an average of 
4215 lb. on the square inch. Hitherto a residue not ex
cef'ding \0 per cent. on a 50 mlish was allowed, but the 
value of increased fineness is recognizee, and prepara-

shown the original'of a report by Kirkcaldy, dated Sep
tember 6, 1882, in which one sample of stone took 8,075 
lb. per square inch to crush it, and another reached 
the marvelous strength of requiring 9,492 lb. per 
square inch to crush it. 

In the King's Road experimental pavements the 
makers laid their pavements with the knowledge that 
they were competing with their rivals. They were laid 
in 1880.· Asphalt, York stone, Ferrumite stone, Vic
toria stone, and Imperial stone were laid side by side 
and. subjected to the same traffics. The writer includes 
the York stone results, though not strictly coming 
within the subject 9f the paper. In June, 1884, the Fer
rumite stone was removedi as its slippflriness had be
come a source of danger. ts area was taken by Wil
kinson's granite concrete pavement and by Shap stone 
pavement. After five years' wear of the orginal stones, 
the following rssults were obtained: 

The York stone occupied an area of 87 squar-e yards: 
the original thickness was 3 inches; the nnmber of 
stones 123, of which after five years' wear ten had 
broken edges, sixteen had broken corners, twenty-one 
had their surfaces peeling off, and six were worn so as 
to be dangerous. The wear was not measurable by 
reason of the uneven thickness of the stones, but it was 
unmistakable. The foothold was good in all weathers. 
The actual cost was 8s. 7d. per square yard laid. The 
Victoria stone occupied an area of 81Yz square yards ; 
the original thickness was 2 inches; the number of 
stones 168. of which thirty-five had broken edges and 
corners, two had their surfaces peeling off, and three 
were visibly cracked across. The wear was not quite % 
inch at the greatest traffic line . . The joints of the stone 
were pleasing, and the color cheerful. The foothold is 
not so sure as that of York stone in dry weather, and in 
a drizzling rain it approaches slipperiness. The cost 
was 6s. 4d. per square yard laid. The Imperial stone 
occupied an area of 907,4; square yards; the original 
thickness was a full 2% inches; the number of stones 
187, of which eighteen had their corners and edges 
broken, and one had its surface partly peeled off. The 
wear was not quite % inch at the greatest traffic line. 
The regularity of the joints is pleasing to the eye, and 
the colpr is light and cheerful. The foothold is more 
sure than that of the Victoria stone sample, but it be
comes somewhat slippery in drizzling rain. The cost 
was 6s. per square yard laid. The experience gained 
with the Shap stone laid in 1884 is more limited, but 
the stone does not appear to be better than the con
crete stones described. The length laid in liitu by 
Messrs. Wilkinson is subject to the same remark, but 
the aggregate is already wearing up. It is laid in 8 foot 
bays. A repair made in it is a great dissight to it. The 
effect of the traffic in wear is visible. 

Mr. Walker, of LeedR, has laid down (1886) in King's 
Road a short length, in bays about 4 feet square. It 
has a very smooth surface, and appears to be a very 
good pavement. He lays a foundation of ballast con
crete 2Yz inches thick to within Yz inch of the finished 
surface, and cuts roughly through it, so as to form the 
bays. He then floats the surface with a fine rich con
crete, made of one pa.rtof cemflnt to one or one and a 
quarter parts of crushed granite or slag, which pass 
through a i. sieve. This is then cut through with a 
knife into bays of small areas. The foothold is fairly 
secure and the wear very satisfactory. No cracks ap
pear when the bays are made less than 10 feet square. 
At 322 Oxford Street, a piece has been down three 
years, and no wear is visible. He claims that his fine 
rich concrete on the surface attains more nearlv to the 
texture of York stone than any other pavement. The 
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joints, however, have a tendency to spread. Concrete 
pavements laid in the slabs have two serious disadvan
tages. The writer's experience refers to Victoria stone, 
but there is no reason to suppose that slabs of other niake 
are free from them. The first is the annoyance caused 
by the hard metallic sound of the footfall on them, 
which is especially noticeable at night. 'I'he other is 
their brittle nature and the presence of hidden cracks 
after wear. When taken up to relay, it is often found 
that a stone which was apparently sound breaks be
fore it can be relaid. Concrete pavements in situ have 
the serious disadvantage that they cannot readily and 
cheaply be repaired. A patch in thfllll shows for the 
whole life of the pavement, unless a whole bay is re
moved. 

The writer is of the opinion that concrete pavements 
in situ are preferable to concrete pavements laid I,I.S 
slabs. There is, however, no reason why this pave· 
ment should not be laid by surveyors themselves, with
out the aid of a contractor. Much has to be learned be
fore concrete as a material for foot pavements is per
fected, but that can most readily be learned by each en
gineer doing his own work and exchanging experiCtlces. 
The prices paid for concrete pavements are 'very 
great. One stone is ad vel'tised for 7d. per square foot, 
which equals £4 14s. 6d. a cubic yard. This is an ex
travagant price to pay for concrete, even if it be of the 
very best kind, and silicated too. Concrete for. foot 
pavements has its own field, and within well-Illarked 
limits it,s use is ad\'isable, but until its capabilities are 
more largely tried and its usefulness increased, the full 
advantage will not be obtained frol1l it. The price 
stated is large enough to cover the cost of experiUlent
ing, and the writel' trusts that the mem bel'S will ¢arry 
out such a series of tests and trials as will complete the 
knowledge of concrete as a material for foot pave
ments. 

WOOL HAT MAKING. 
WOOL WASHING.-Considered in the abstract, this 

is, of course, the first process connected with the hat
ting industry; but, as such, is rarely und ertaken by 
hat manufacturers. Practically, therefore, it may be 
said to constitute an entirely separate industry. For 
this reason it has not been thought desirable, in the 
present (Jonnection, to devote to an outside subject the 
space which a detailed description would occupy. The 
hat manufacturer, ordinarily, has the wool washed for 
him, and from the moment that the material, thus pre
pared, is put into his hands, the making of a wool hat 
may be said to commence. 

CARDING AND FORMING.-The carder used in this 
business is, in all respects, identical with that employed 
in the cotton trade. Indeed, the ordinary cotton card
ing engine answers the purpose perfectly, and it is ex· 
tensively used by hat manufact.urers. As the wool 
leaves the machine in the orthodox tis�ue form it is re
ceived by women, who carry oli this part of the work, 
and is spread evenly over the double cone shown in our 
illustration (Fig. 1). By this method two hat bJdies 

FIG. 1. 

are in course of formation at the same moment. There 
is no system of determining when a sufficient wf'ight 
of wool has been put on the cone in layers, except that 
which is derived from the practiced touch of the opel'
ator; but, as in all such operations, it is seldom that the 
practiced hands of a good former in the hatting trnde 
ever deceive her as to the weight of a body under ma
nipulation. While the machine pays out and the cone 
receives the material, the busy fingers of the girl never 
cease guiding and superintending its even distribution, 
so that the requisite an d llnifonn thickness may be 
given to each of the two bodies in course of formation. 
When a sufficient weight has been laid Oil, the division 
of the hitherto twin bodies is effected by means of It 
pair of sheep shears. The points are inserted in the 
groove which runs round the thickest part of the cir
cumference of the cone, and, as it revolves, five or six 
slashes suffice to separate the double body. The cone 
is stripped, and the manufactured article is placed upon 
a convenient bench in the rear, there to await the 
operation of being tested on the scales. Meanwhile, 
the liberated end of wool, which the earder goes on de
livering, is again p laced on the cone for the formation 
of the next pair. The box at the foot of the illustra
tion contains a series of cam motions, which impart It 
.. drunken" or tumbling motion to the cones. The 
rollers, which give a rotary action to the cones, have 
themselves a rotary action individually; but. taken as 
a whole, they have a reversing action, which is derived 
from the upright shaft. The weighing of each hat 
separately, which>next follows, and the slight reduct.ion 
in weight which bas usually to be brought about, are 
both processes which consumu much time, and cause 
considerable waste of material. The exercise of a little 
ingenuity might save both these operations. 

HARDENING.-This is the first process of felting. Up 
to this point the hat body exists in the shape of a 
flimsy woolly substance, and in size absurdly out of all 
proportion to the head which it will ultimately cover. 
To give the character of felt to this substance and to 
begin the neceilsary reduction in the size of the body 
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are DOW the objects in view, and these are accomplished 
by the process technically termed "hardening." Of 
this there are two methods, called respectively" fiat" 
and "cup and cone" hardening. It is proposed to 
take them in this order, and describe first: 

Flat Hardening.-To produce felt from wool, the 
three things req uired are heat, moisture, and friction. 
Fig. 2 shows how these' are applied. The hat bodies 
are placed upon the table, and the plate is then dropped 
upon them. A rubbing motion is then communicated 
to the plate through the medium of a crank upon the 
pulley shaft, transmitted through a connecting rod 
carried by a secondary shaft, and which is extended 
above the latter-a short link imparting motion to the 
rubbing plate. A few minutes of this treatment turns 
out the body in a sufficiently felted conditiou to be fi t  
for a subsequent operation o f  a more drastic character. 
A defect in this machine exists in the fact that hat 
bodies hardened on the" fiat," while being thoroughly 
done in the body, are found insufficiently finished 
about the crown. It becomes necessary, therefore, to 
operate upon that part by a separate process. The 
method of accom plishing this is shown in tbe immediate 
foreground of the illustration. The hats are" drawn on 
to the cone, which is heated by means of a steam pipe 
showll on the right, and the rubbing disk does for the 
crown precisely what the fiat rubber has already done 
for the lower parts of the hat. The power for the 
crown rubbing IS applied in precisely the same way as 
for the fiat process on the table, the connection being 
plainly indicated in the figure. 

Cup and Cone Hardening.- This method has at least 
one ad vantage over that just described, inasmuch as the 
whole operation of hardening-body and tip alike-is 
accomplished by a single process. Figs. 3 and 4 show 
the cup and cone in each of the respective positions 
which they occupy during the entire operation. The 
hats, three at a time, are pulled over the cone, and the 
cup having been thoroughly heated is then placed 
over them, and the rubbing or felting motion com
municated in.a m anner to. be described. The figure on 
the extreme left of Fig. 4 shows a section of the cup in 

" positiou.the cone which it surmounts being covered with 

dipped into the boiling liquid, brought back to the 
"plank," and rolled round a wooden roller with as much 
force as a man can exercise. Alternate dippings and 
roIlings are carried on for about fifteen minutes, and 
when the bodies are considered to have had as much 
of the acid forced into them as the material requires, 
they are then made ready for milling, One of the most 
striking facts in connection with the settling and sub
sequent operations, indeed, of the great majority of the 
various processes through which a hat passes in the 
course of manufacture, is the intensity of the heat to 
which it is subjected. Mr. Watson Smith has stated 
that wool is decomposed when heated to more than 150 
degrees Fahrenheit, so that it would appear as though 
the original nature of the wool must be wholly de
stroyed. But on the destruction so brought about a 
hat is created which at least looks well, wears, and an
swers every practical purpose. What could be realized 
from a scientific and an artistic standpoint, by a re' 

FIG. 3. 

milling up .. As may be supposed, therefore, a. COD
siderable diminution of the body takes place in this 
operation, which, as will be seen by our illustration 
(Fig. 5), is accomplished by the beating it receives by 
the alternate blows from four heavy wooden hammers. 
The beamo which carry the bumping blocks are lifted 
by mean� of lugs carried upon wheels or disks upon 
the main shaft, such wheels having lugs placed alteJ1-
nately upon both sides, so that alternate action may 
be given to the bumpers. It has two receptacles for 
hat bodies, each of which is capable of receiving fifty 
dozen hats at a time, so that one hundred dozen are 
under treatment at once. This !j,lJpliance, it will be 
seen, is equal to a large output. Water is turned into 
the receptacles, and thus much of the acid with which 
the bodies were charged in the last operation is wash
ed out. The washing out process is, however, com
pleted afterward by means of the large vat shown in 
the foreground. The bumping being completed, the 

FIG. 4. 

its complement of bodies requiring to be hardened. 
The next figure shows how the requisite heat and mois
ture are communicated to the cup previous to its being 
placed in position. The third and fourth cones are 
those upon which hat bodies have been drawn, and 
these are waiting for the cup or rubber. The fifth fig
ure shows the heated cup lifted from its steamer and 
in the act of being swung round into position for drop
ping upon the prepared cone. The figure on the ex-· 
treme right side shows the complete apparatus arranged 
for rUbbing. The end view (Fig. 3) represents the mo
tion employed, the dotted lines showing ho� the rub
bing action is effected. Motion is derived from 
the horizontal shaft, which runs at an elevation 
level with the top of each cone. This is oscillated 
slightly by a crank on the pulley shaft, shown on the 
extreme left. The crank connected with the shaft, 
which is seen between the two end cones, receives an 
increased motion from its extra leverage, and shakes FIG. 6:, "FIG. 7. 
the cup, while the core is kept revolving by means of 
a worm wheel. WOOL HAT MAKING MACHINERY. SETTLING.-Science has not yet supplied mechanical 
means for accomplishing the operation of " settling," 
and the present generation of hatters are working on constructed method of manufacture, is at least an in-

I 
bodies are shoveled into the vat and subjected to a. 

pretty much the same lines that their grandfathers fol- teresting query. A practical manufacturer's contention thorough washing with boiling .water, so that the !a�t 
lowed as regards method. The vitriol, which forms an is that with only 150 degrees of heat it is impossible to remains of the acid may be entlre.ly removed. This IS 
important element in the process, is intended to roughen get either the dye or the proof or "stiffening" in!o t�e a n�cessary preparation for what IS to .follo'Y, l?e<;ause, 
the fiber, so that a perfect felt may be obtained. On body to a l!Iufficlent extent to turn out a hat whICh IS until the body has been denuded of ItS aCid, It IS not 
the sheep's back each fiber of wool grows perfectly fit to look at when finished. But it is greatly to be in a fit condition for absorbing the " proof" with 
straight, and the fibers have, under ali conditions, a .feared that the pmcticalmanufacturer of to-day is, as which it is shortly to be charged, and which is a neces
strong tendency to remain in this exact shape or con- a general rule, very little of a scientist. It may, how- sary preparation in order that a permanent shape may 
dition. Felting, therefore, remains an impossibility ever, not be past hoping for that the future may pro- be given toiit. 
until this natural tendency has been dealt with and duce a man who can manufacture a really good hat TWISTING.-T"!Yisting may, for all practical:purposes, 
overcome. The horny and smooth coating of the fiber without insisting upon the preliminary necessity of de- be described as the last operation of felting. The ma
requires to be roughened, and this can only be done by stroying the nature of the material of which the article chine in which this process is carried on is shown in
the action of an acid. A diluted solution of vitriol and is made. There is, at all events, scope in this direction side and end elevations respectively in Figs. 6 and 7. 
water has been found best to answer the purpose in for the best energies of those who have most interest The opening in the lid of the cylinder in the side view 
view. The copper or boiling vessel employed contains in the question. is introduced to show the exact positions of each of the 
a hot liquid having the proportion of half a pint of BUMPING AND WASHING OUT.-This process is Drdi- four serrated rollers contained in this machine. The 
vitriol to six gallons of water. The" plank," or sloping na,rily known in the woolen trade as milling, and the diameter of these rollers is less at the center of their 
woodwork which surrounds the copper, is adapted for machine which is here called a "bumper" may be length than it is at the end. The centers of the two 
four operators, and each of these works upon four hats recognized in another connection as a pair of milling lower rollers are fixed, but the centers at the delivery 
-at once. The hats are laid fiat, one upon another, Iltocks. ThQ object in view is to solidify the body by end of the two upper rollers a.re made to oscillate. 
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Tbe nontrolling motion will be seen more clearly in 
tbe .end view, being transmitted from the main shaft 
by means of a short countershaft. The bodIes are 
taken fresh from the washing out vat and run through 
this. machine from end to end. Having been subjected 
to the action of� this machine, the bodies emerge re· 
dQced, in a general sense, to the actual size required 
for being felted into hats. In short, the. �onditions 
desired in a hat body, viz., shape, size, and flubstance, 
are now given to the wool; and every subsequent 
operation may be considered as generally partaking of 
the nature of a finishing process. 

S'rRETCHING OR STUMPING.-In order to ascertain 
its exact suitability as to size and condition, each body 
is now taken in hand by the men who work at the cop
per referred to in the" settling" process. Boiling water 
is again brought into requisition, and each body is first 
laid upon the "plank" and its size ascertained by 
means of a hatter's measuring stick, which consists of 
a flat piece of wood with marks roughly cut upon one 
8ide. If the size is satisfactory, each article is passed. 
If otherwise, a few dippings into the boiling water, 
and a corresponding number oC rollings on the plank, 
soon put right any small imperfections. Each body 
is then again dipped and given an additional rub, in 
order to produce a face on its exterior. This is the 
beginning of that sightly appearance and pleasant 
touch which are the most marked indications of excel· 
lence of workmanship in a well made and properly 
finished wool hat.-Industries. 

ROBURITE, THE NE'Y" EXPLOSIVE.' 
ON the 27th of October, further trials took place in 

the Durham district-at the Marquis of Londonderry's 
colliery l1t Silksworth, and the Earl of Durham's at 
Bunker's Hill, near N ewbottle. 

Early in the morning several shots were fired at 
Silks worth in stone, at a very considerable distance 
from the bottom of the shaft. Of these some were for 
the purpose of clearing out the stone, while others 
were" blow out" shots purposely contrived so as to 
give the greatest chance of showing flame or spark. 
None was, however, to be perceived, although the 
observers were only eight yards distant, and, in all 
cases, the safety lamps were carefully covered. The 
manager of the colliery expressed himself as highly 
pleased with the efficiellcy of the roburite in hard 
stone work, which he considered to be quite as great 
as that of dynamite or blasting gelatine. The most 
remarkable trial at Silks worth was in what is called a 
" stap.le," or opening for a short shaft. . 'l'�ree vertical 
holes were dnlled' to a depth of 2 ft. 6 m. III the rock, 
and each charged with a robnrite cartridge of 60 
grammes (t lb.) Two of these were exploded simulta
neously, and the third soon afterward. The result of 
these shots-they blew out a mass of stone 3 ft. in 
depth with a horizontal section of about 7 ft. long by 
6 ft. wide; that is, extending to a depth of 6 in, before 
the bottom of the drill holes. In addition to this, the 
stone below was more or less loosened to the depth of 
another foot, so that it could be got out with the 
pick. 

Later in the day a series of gas experiments were 
carried out at Bunker's Hill, which is under the man
agement of Mr. Leishman. The arrangements for 
measuring the proportions of cOlil gas and atmospheric 
air to form an explosive mixture were very similar to 
those at Wharncliff'l Silks tone Collierv the week be
fore. A temporary gasometer was constructed with 
two casks, but, instead of a boiler tube, a large vat was 
employed to contain the firedamp so produced, and 
inside this vat the various charges were fired, its open 
top being closed by nailing over it large sheets of thick 
brown paper. 'rhe following were the shots fired, the 
cask each time being previously tilled with an explosive 
mixture of gas and air: 

1. A charge of roburite covered with very fine coal 
dust was exploded by electricitY.1 There was no ignition 
of the firedamp, nor was any flame or spark percept
ible. 

2.and 3. Repetitions of No.1, with a like result. 
4. In the cask was placed a robudte cartridge cover

ed with loose gunpowder. The gunpowder ignited, 
firing the gas. There was a vivid sheet of flame, and 
the cask was shattered into small fragments. 

5. A charge of ordinary blasting powder was fired by 
electricity in another cask filled with firedalllp. The 
latter was ignited with a vivid sheet of flame, but the 
cask was not shattered. (N. B.-It is, of course, ad
mitted on all hands that gunpowder will ignite fire
damp.) , 

6. A charge of blasting gelatine-inclosed in Settle's 
water cartridge-was covered with loose gunpowder. 
The latter was not fired, nor the explosive gas in-
flamed. , 

7. A roburite cartridge was placed on the side of an 
old wrought iron rail. and covered with a little earth. 
The rail was bent and completely perforated by the 
detonation of the roburite, 

The result of the fourth of the above trials seems to 
the disadvantage ofroburite in comparison with Mast
ing gelatine. It was made at the special request of 
some of the colliery experts present, who stated, and, 
as it. appears, correctly, that gelatine when fired in the 
water cartridge would not inflame loose gunpowder. 
It is, perhaps, but fair to insert at the same time the 
explanation given by Dr. Roth, who is admitted to be 
an able practical chemist. He states that the gun, 
powder was not fired by any flame or spark produced 
by the explosion of the roburite-which indeed the 
sharpest eyes have throughout failed to detect-but by 
the tremendous heat produced by the friction of the 
particles of the solid powder during the sudden, nay, 
practically instantaneous, expansion of the detonated 
rilbnrite into its gaseous components. In the case of 
1 he water cartl'idge, there is an, elastic cushion of 
B tl  perheated steam or vapor which prevents the ignition 
of the gunpowder. He further declares that no such 
effect can be produced upon firedamp by the explosion 
of· roburite, since the former, being a compreesible and 
elastic gas, yields to the blow caused by the sudden 
expansion. It may be mentioned in favor of this ex
planation that in the three separate sets of gas experi
ments carried out at three different collieries, in no 
instance has the explosive mixture of gas and air been 
fired by the explosion of the roburite itself. It is, how
ever, much to be desired that careful trials should be 
made by some· governmental or other independent 
autbority, in no way intereilted in the result, except 

in so far as the production of a perfectly safe explosive 
for use in fiery coal mines is concerned. As to the ex· 
periments already carried out, it may be noticed that 
all the colliery managers, viewers, and other mining 
experts present represented fiery coal mines in which 
an ordinary shot of blasting powder cannot be fired. 
Even if it could be proved that roburite, when explod· 
ed by itself, could ignite firedamp, its advantages of 
safety in storing and handling, as well as its not freezing 
at any temperature, are 80 great that there is no reason 
why it should not be used inclosed in Settle's water 
envelope, like blasting gelatine. The cartridges in 
which it is packed can be soaked in water for a very 
considerable period without injuring the contents. 
As an instance, it may be stated that, in one of the 
shots fired at Silks worth recently, the roburite charge 
was left for three quarters of an hour in a hole full of 
water, through the electric exploder getting out of 
order. At the expiration of the above interval, the shot 
was fired with full effect. 

In concluding our notice of these important experi
ments, it may be stated that roburite is not a single 
chemical compound like nitro-glycerine or gun cotton, 

liar process of :chlorinating and nitrating the coal t�r 
pr6ducts. It is '1uite true that benzol, phenol, etc., 
had been previously chemically combined with nitro 
groups, although the resulting substances were either 
too readily decomposable or else liable to ignite tire
damp; but he has combined these nitrated products 
with another substallce such that the resulting com· 
pound will, upon being detonated by fulminate of 
mercury in the usual manner, evolve gases which shall 
instantaneously quench any flame that may be pro
duced by the explosion. In fact, the practical effect is 
somewhat similar to that produced by Settle's water 
cartridge, with the very important distinction that, 
through the quenching elements being chemically COIll
bined with the explosive, there can never be any risk 
of failure, as would inconteetably be the result if the 
water envelope were not properly adjusted, or if, 
through being roughly tamped, the envelope were to 
be. broken and the water escape. The organic sub
stance in question is mixed with a certain proportion 
of ammonium nitrate, calculated to oxidize it complete· 
ly, and, in the result, Dr. Roth claims to produce a 
practically flameless detonation, of a power equal tc 

THE CHIMES-BIG BEN AND HIS LITTLE BROTHERS. 

WINDING UP THE CLOCK. 

"BIG BEN" AND THE CLOCK TOWER, WESTMINS'fER PALACE. 

the action of which on firedamp cannot be varied ex
cept by some superadded mechanical Clontrivance, such 
as the water cartridge, but that it possesses an artificial 
constitution-built up, so to speak, in sl1ch a manner 
as not to ignite an explosive atmosphere. It is the 
result of Hlany years of labor on the part of the inven
tor, Dr. Roth. That gentleman first directed bis at
tention to the methyl compounds-alcohols and glyce
rines-and endeavored to obtain from them a hydro
carbon constituent which, when mixed with some in
organic oxygen-yielding substance, such as potassium 
or ammonium nitrates, would not inflame firedamp. 
Some powerful explosives were thus produced, but 
these all-like the dynamite class-possessed elements 
of danger. He then turned to the so-called aromatic 
coal tar products, from which Designolles, Brugcre, 
and Sprengel had produced powerful explosives, but 
they also were dangerous, either through being easily 
ignited by friction or by reason of one of the consti
tuents having to be contained in hermetically sealed 
glasfl vessels. Dr. Roth. now contends that he has suc
ceeded in ovel'ooming aJl these objections by his pecu-
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th�t given by any known explosive. Robul'ite has 
theoretically, by the dynamometer of Trauzl, nine 
times the force of gunpowder, and, practically in coal 
mining, its effect by weight is four times as great. 
The product of its gas volume and calories (units of 
heat) is given as 1,150,000, that of dynamite being about 
950,000.-Engineering. 

"BIG BEN" AND THE WESTMINs'rER CLOCK. 
THIS clock is b�lieved to be the most powerful in ex

istence. It drive� the hands of four dials, eaClh 22 feet 
6 inches in diameter; strikes the hOllrs on a bell weigh
ing 13� tons, and chimes the quarters on four bells, 
weighing together about 8 tons, and it performs this 
work with marvelous accuracy. 

Its reputation as a time keeper is unrivaled and well 
deserved. This year it has surpassed all its previous 
performances, its accumulated error in 134 days having 
been less than four seconds, giv,ing a mean variation of 
less than one second in a month, and this continuous 
during more than four months. For seventeen consee-
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